1. Introduction {#sec1}
===============

Focal nodular hyperplasia (FNH) is the second most common liver cell-derived benign tumor \[[@B1]\]. The nature and pathogenesis of FNH remain controversial. It is postulated that chemotherapy-induced hepatic circulatory abnormalities, like sinusoidal obstruction syndrome (SOS), could lead to the development of FNH \[[@B2]\]. Alkylating agents, specifically busulfan and melphalan, was reported to be associated with the development of FNH in preparation for bone marrow transplantation due to the formation of SOS \[[@B3]--[@B5]\]. Cyclophosphamide, another kind of alkylating agents, was also reported to induce SOS in a synergistic effect with total body irradiation \[[@B4]\]. However, none of cyclophosphamide-related FNH had ever been reported before.

Neoadjuvant chemotherapy is increasingly used in breast cancer treatment to reduce the size of the primary tumor, eventually allowing radical or more conservative surgical intervention. The most commonly used neoadjuvant chemotherapeutic regimen is the combination of cyclophosphamide, anthracycline, and taxane derivatives. The patient in our case, who was treated with above chemotherapeutic agents for beast caner, developed FNH after 4 courses of treatment. This is the first case, to our knowledge, of development of FNH after cyclophosphamide-based chemotherapy.

2. Case Report {#sec2}
==============

A 45-year-old woman was admitted to our breast surgery unit because of a palpable breast lesion in March 2014. After core biopsy she was diagnosed with breast cancer and received systemic neoadjuvant chemotherapy of cyclophosphamide (500mg/m^2^)-docetaxel (75mg/m^2^)-pharmorubicin (90mg/m^2^) regimen every 3 weeks. Computed tomography (CT) scan performed at the diagnosis of cancer and ultrasonography test before each cycle of chemotherapy showed no hepatic abnormality ([Figure 1](#fig1){ref-type="fig"}). After 4 courses of chemotherapy, a 3 × 3cm slightly hypoisoechoic hepatic lesion was identified in left lateral lobe on routine ultrasonography (USG) ([Figure 2(a)](#fig2){ref-type="fig"}). On subsequent plain CT scan, the lesion is homogeneous and isointense compared to surrounding liver parenchyma ([Figure 2(b)](#fig2){ref-type="fig"}). After enhancement, rapid homogeneous enhancement of lobular-shaped nodule was seen in the arterial phase with a slightly hypodense central scar ([Figure 2(c)](#fig2){ref-type="fig"}). The lesion is isodense without signs of central scar in the portal venous phase ([Figure 2(d)](#fig2){ref-type="fig"}). Abdominal magnetic resonance imaging (MRI) showed that the lesion is slightly hypointense on T1-weighted image with the central scar appears more significant hypointense ([Figure 3(a)](#fig3){ref-type="fig"}) and slightly hyperintense on T2-weighted images ([Figure 3(b)](#fig3){ref-type="fig"}). After enhancement, there is strong homogeneous enhancement of the lesion except for the central area during the arterial phase ([Figure 3(c)](#fig3){ref-type="fig"}) and slightly hyperintense in the portal venous phase ([Figure 3(d)](#fig3){ref-type="fig"}) compared to the normal liver tissue in fat-saturated T1-weighted image.

Both the patient\'s liver function serum values and tumor makers were within normal range and she had a negative hepatitis virus serology at the time when hepatic nodules were diagnosed. Besides, she had no history of smoking, drinking, or medication use and had no relevant family history. As the imaging findings could not be used to rule out the possibility of hepatocellular carcinoma, a histological examination was recommended. However, the patient refused to take liver biopsy due to personal reasons. Considering CT and MRI indicate the typical presentation of FNH, modified radical mastectomy was conducted afterwards and the patient was pathologically staged as pT2N2M0-GIII. The subsequent chemotherapy was 2 courses of the same regimen. The follow-up USG and CT showed that the lesion had been stable until the time of the report. She had been disease-free for more than 4 years.

3. Discussion {#sec3}
=============

The case we present suggested that the development of FNH is potentially induced by chemotherapy. The patient had no chronic liver disease, no history of smoking, drinking, or medication use. The chronological correlation between the chemotherapy and the appearance of the FNH suggested a cause-effect association.

FNH, a hyperplastic nodule that contains scar-like tissue, is the second most common liver cell-derived benign tumor \[[@B1]\]. Until now, the nature and pathogenesis of FNH remain unclear. It is postulated that hepatic circulatory abnormalities including portal venous thrombosis, vascular recanalization, and reperfusion could lead to the development of FNH after chemotherapy \[[@B2]\]. SOS is kind of chemotherapy-induced damage to sinusoidal integrity, which could cause circulatory abnormalities \[[@B6]\]. Oxaliplatin-based systemic chemotherapy for the patients with colorectal liver metastasis was mostly reported to be associated with the development of FNH due to the formation of SOS \[[@B7]--[@B10]\]. According to previous researches, alkylating agents, specifically busulfan and melphalan, are associated with the development of FNH when administered prior to bone marrow transplant due to SOS \[[@B7]\]. It is also reported that cyclophosphamide is attributed to induce SOS in a synergistic effect with total body irradiation \[[@B4]\]. The potential mechanism might be depletion of reduced glutathione by cyclophosphamide in sinusoidal endothelial cells which make themselves more vulnerable to irradiation hazard \[[@B3]--[@B5]\]. In our case, the patient received standard cyclophosphamide-docetaxel-pharmorubicin regimen. The combined chemotherapy makes it difficult to conclude the specific pathogenic agent. Because there is no literature which reported the association among FNH, docetaxel, and pharmorubicin, cyclophosphamide seemed to be the most possible causative factors.

Because most FNH are asymptomatic and are without carcinomatous change, nonoperative therapy is the standard treatment. However, it is important to make accurate diagnosis of patient who develop hepatic nodule during chemotherapy because FNH and metastatic disease of the liver have total different prognoses. MRI is thought to be the best noninvasive method for diagnosing FNH at present whose sensitivity and specificity are 70% and 98%, respectively \[[@B11]\]. It is easy to make a definitive diagnosis of classical FNH when MRI indicates that tumor quality is homogeneous with a central scar and there is hypervascularity with enhancement during the arterial phase \[[@B12]\]. Otherwise, aspiration biopsy is required when it is difficult to obtain a definitive diagnosis only by imaging techniques.

In our case, we diagnosed FNH by combining imaging examinations including USG, CT, and MRI, by which the rate of definite diagnosis was reported up to 90% \[[@B13]\]. However, as hepatocellular carcinoma and metastatic renal cell carcinoma were reported to locate within the confines of FNH \[[@B14], [@B15]\], a certain period of follow-up time is required when nonoperative therapy is conducted. In this case, the patient had been asymptomatic for more than 4 years and the FNH was stable in size until the time of the report.

4. Conclusion {#sec4}
=============

This is the first case report about development of FNH after cyclophosphamide-based chemotherapy. It could help confirm the damage effect of cyclophosphamide on hepatic sinusoidal integrity and may provoke further investigation on this area. On the other side, as increasing proportion of breast cancer patients will receive neoadjuvant chemotherapy, we should keep the possibility under consideration if new liver lesion mimicking hepatic metastasis was detected after cyclophosphamide-based chemotherapy in clinical practice.
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![Computed tomography (CT) findings: plain CT scan performed at the diagnosis of cancer showed no hepatic abnormality.](CRIHEP2018-5409316.001){#fig1}

![Abdominal ultrasonography (USG) and CT findings: (a) USG shows a 3 × 3cm slightly hypoisoechoic hepatic lesion in left lateral lobe with slightly unclear borders and blood flow signal; (b) plain CT shows that the lesion is lobulated, homogeneous, and isointense compared to surrounding liver parenchyma; (c) enhanced CT shows that hypervascular lesion appears hyperdense with a slightly hypodense central scar in the arterial phase (arrows); (d) in the portal venous phase the lesion is isodense without signs of central scar.](CRIHEP2018-5409316.002){#fig2}

![Abdominal magnetic resonance imaging (MRI) findings: (a) T1-weighted image shows that the lesion is slightly hypointense with the central scar appears more significant hypointense (arrow); (b) T2-weighted images shows the same lesion as slightly hyperintense; (c) after enhancement, the signal of the lesion is markedly increased and appears hyperintense during the arterial phase except for the central area in fat-saturated T1-weighted image; (d) in the portal venous phase, the lesion is slightly hyperintense compared to the normal liver tissue and the central scar is poorly recognized.](CRIHEP2018-5409316.003){#fig3}
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